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(54) Electron beam apparatus 

(57) An electron beam apparatus comprises an 
electron beam source, a unit for irradiating an electron 
beam (6) on a specimen (12), a detector (30) for sec- 
ondary electrons, an electrode (7) for generating an 
electric field sufficient to draw out secondary electrons 
in a recess in the specimen from the recess, and a unit 
(2) for generating a magnetic field for focusing second- 
ary electrons drawn out of the recess. With this con- 
struction, the secondary electrons drawn out of the 
recess by the electric field reach the detector without 
being attracted by the electrode. By adopting this con- 
struction, a contact hole of high aspect ratio formed in a 
semiconductor device and having a small diameter and 
a large depth can be observed. 
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Description 

BACKGROUND OF THE INVENTION 

The present invention relates to electron beam s 
apparatus, for example, a scanning electron micro- 
scope which is suitable for performing observation or 
length measurement of a contact hole or a line pattern 
by irradiating an electron beam on a specimen tor a 
semiconductor device, in order to evaluate a semicon- 10 
ductor production process. 

The scanning electron microscope has hitherto 
been used for observation or length measurement of a 
contact hole or a line pattern of the submicron order 
(less than l urn) in a semiconductor device specimen. »5 

With .recent advancement, in semiconductor inte- 
grated circuit technology, there has been a tendency for 
a circuit element to be formed in three-dimensional 
directions, so that, for example, contact holes and deep 
holes and grooves (hereinafter represented by contact 20 
holes) for separation of condensers and elements are 
formed in the specimen surface. 

Incidentally, when an electron beam is irradiated on 
the interior of a contact hole for the purpose of observ- 
ing the bottom of the contact hole, most of secondary 25 
electrons discharged from the bottom of the contact 
hole impinge on the side wall of the contact hole and are 
captured thereby, thus being prevented from escaping 
from the contact hole as recognized conventionally. 
Accordingly, the contact hole is considered to be equiv- 30 
alent to a Faraday cup. 

As an approach to a method of detecting secondary 
electrons in a contact hole with high efficiency, a tech- 
nique is proposed in. for example. JP-A-62-97246 
according to which an electrode for drawing out second- 35 
ary electrons from the contact hole is provided between 
an objective lens and the specimen surface to generate 
a positive electric field near the specimen surface and 
secondary electrons are drawn out by the positive elec- 
tric field. 40 

Also, JP-A-63-274049 proposes a technique 
according to which a cylindrical electrode disposed in a 
pole piece of an objective lens is applied with a positive 
voltage to generate a positive electric field near the 
specimen surface in order that secondary electrons 45 
generated in the specimen surface are drawn out effi- 
ciently and guided to the side, facing an electron source, 
of an objective lens. The present inventors have 
attempted to observe a contact hole by using an appa- 
ratus having the construction described in the above lit- so 
erature but have failed to obtain an excellent image. In 
other words, the inside of the contact hole could not be 
observed. 

SUMMARY OF THE INVENTION ss 

An object of this invention is to provide an electron 
beam apparatus which can permit observation of the 
inside of even a contact hole having a high aspect ratio 



(depth/opening diameter). 

Another object of the invention is to provide an elec- 
tron beam apparatus which can permit observation of 
the inside of a contact hole without affecting a material 
in which the hole is formed (for example, a semiconduc- 
tor device). 

Still another object of the invention is to provide an 
electron beam apparatus which can automatically set 
an observation condition meeting observation of a con- 
tact hole having a high aspect ratio and an observation 
condition meeting observation of the other portion, i.e. a 
substantially flat portion. 

According to the invention, an electron beam appa- 
ratus capable of attaining at least one of the above 
objects comprises an electrode for applying to a speci- 
menan electric f ieldwhich is sufficient to d raw out sec- 
ondary electrons in a contact hoi© to the outside thereof 
and a unit for generating a magnetic field which focuses 
the secondary electrons drawn out of the contact hole. 

Secondary electrons referred to herein signify elec- 
trons discharged from the specimen surface (inclusive 
of the inner peripheral surface and bottom surface of a 
contact hole) under irradiation of an electron beam (pri- 
mary electron beam) which are characteristic of the 
specimen and captured by a secondary electron detec- 
tor. 

Positive voltage relative to the specimen is applied 
to the electrode. In order to draw out secondary elec- 
trons from the inside of a contact hole, a positive voltage 
higher than that applied to the electrode provided in the 
conventional example (JP-A-63-274049) of apparatus 
for observation of the specimen surface is applied to the 
electrode of the invention. In an embodiment, a voltage 
which makes potential on the electrode 50 to 350V 
higher than potential on a specimen is applied to the 
electrode. 

With the high potential applied to the electrode, an 
electric field developing between the electrode and a 
secondary electron detector disposed above the elec- 
trode (on the side facing an electron gun) becomes 
excessively strong and secondary electrons cannot 
sometimes be captured sufficiently. In such an event a 
second electrode is interposed between the detector 
and the first electrode in order to adjust the intensity of 
the electric field therebetween. More particularly, by 
making potential on the second electrode lower than 
that on the first electrode, the intensity of an electric field 
near the secondary electron detector can be adjusted. 

The disposition site of the first electrode is not par- 
ticularly specified but form the standpoint of realization 
of compactness of apparatus and high imaging magnifi- 
cation, the first electrode may preferably be arranged in 
a hole of a pole piece of an objective lens. To obtain a 
high imaging magnification, the distance between the 
objective lens and the specimen is required to be short. 

Secondary electrons drawn out of the contact hole 
by the action of the electric field due to the electrode are 
focused by a magnetic field. Through this, the second- 
ary electrons can be prevented from being adsorbed to 
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the electrode. In the absence of the magnetic field, most 
of secondary electrons are attracted by the electrode 
assuming high potential and a satisfactory image can- 
not be formed. Under the influence of the magnetic field, 
secondary electrons drawn out of the contact hole are 5 
focused while making helical motion as in a cyclotron. In 
order for the secondary electrons drawn out of the con- 
tact hole to be guided to the secondary electron detec- 
tor without being attracted by the electrode, flux density 
of the magnetic field must be sufficiently targe on the w 
specimen surface, i.e., at the outlet of the contact hole. 

In an embodiment, the flux density on the specimen 
surface is set to abut 0,5 T (5,000 gausses). 

It is preferable to use the objective lens as a unit for 
generating the magnetic field from the viewpoint of 15 
reducing the number- of parts ; -Considered as an objec- 
tive lens capable of making flux density on the speci- 
men surface sufficiently large is a so-called lower pole 
piece open type in which a lower pole piece has a diam- 
eter larger than that of an upper pole piece. In this type 20 
of objective lens, the magnetic field leaks positively to a 
space beneath the lens. To meet focusing of an electron 
beam, the maximum flux density of the leakage mag- 
netic flux occurs on a plane which substantially coin- 
cides with the specimen surface. Accordingly, the 25 
leakage magnetic flux has sufficient intensity to focus 
secondary electrons drawn out of the contact hole. 

An electron beam apparatus having an objective 
lens of the lower pole piece open type has about 5nm 
resolution. 30 

In order to draw out secondary electrons from a 
contact hole having a high aspect ratio, it is preferable to 
charge the specimen surface at a peripheral edge of the 
contact hole in addition to the application of an electric 
field generated by the electrode. With the surface 35 
charged negatively (hereinafter simply referred to as 
charge-up), upward motion of secondary electrons in 
the contact hole is disturbed by negative charge on the 
hole peripheral edge. For charging the specimen sur- 
face positively, the electron beam irradiation amount per <o 
unit area is an important factor. 

The electron beam irradiation amount IQ is given by 
the following equation (1): 

|Q=(M 2 xlpxt)/S (1) 45 

where 

M : observation imaging magnification 

Ip : probe current so 

t : imaging time (= irradiation time) 

S : CRT scanning area. 

Since the CRT scanning area is determined by the 
size of a CRT, the denominator is constant. Accordingly, 55 
given that probe current Ip and imaging time ^irradia- 
tion time) t are fixed, the electron beam irradiation 
amount IQ is proportional to a square of imaging magni- 
fication M. 



Charge-up on the specimen surface is conditioned 
depending on what compositions electrical conductor 
and electrical insulator are formed of but according to 
experiments conducted by the present inventors, it has 
been proved that even when charge-up takes place at 
an imaging magnification MO for desired observation to 
prevent satisfactory observation, a clear observation 
image of high S/N ratio can be obtained without charge- 
up for a while by irradiating an electron beam at imaging 
magnification which is once reduced to a lower imaging 
magnification ML and thereafter irradiating an electron 
beam at imaging magnification which is returned to the 
imaging magnification MO for desired observation. 

This phenomenon can be understood by construing 
that even with the probe current Ip kept to be fixed, the 
electron beam irradiation -area is widened at-the low 
imaging magnification ML to substantially decrease the 
electron beam irradiation amount per unit area, thereby 
charging the specimen surface positively and because 
of this preceding positive charge on the specimen sur- 
face, even when imaging magnification is subsequently 
reduced to the imaging magnification MO at which neg- 
ative charging is liable to occur, charge balance is set 
up temporarily during an interval of time that the posi- 
tively charged state changes to the negatively charged 
state. 

Accordingly, by storing an observation image 
obtained during the period for disappearance of charge- 
up in an image memory or by photographing the obser- 
vation image to leave a record thereof, a clear observa- 
tion image of high S/N ratio can be obtained. 

Further, according to experiments conducted by the 
present inventors, it has been proved that conversely to 
the above, even when satisfactory observation cannot 
be permitted because of charge-up at the imaging mag- 
nification MO for desired observation, charge-up can be 
put away for a while and a clear observation image of 
high S/N ratio can be obtained as in the precedence by 
irradiating an electron beam on a part of a predeter- 
mined observation area at imaging magnification which 
is once raised to an imaging magnification MH higher 
than the imaging magnification MO and thereafter 
observation is effected at imaging magnification which 
is returned to the imaging magnification MO. 

This phenomenon cannot be explained by the 
above interpretation but presumably, contamination 
generated during irradiation at the high imaging magni- 
fication MH is adhered to the specimen surface to 
degrade insulation capability of the specimen surface 
and therefore even when imaging magnification is sub- 
sequently returned to the imaging magnification MO at 
which the specimen surface is liable to be charged neg- 
atively, charging hardly takes place. 

Accordingly, as described above, by irradiating an 
electron beam for a predetermined time at an imaging 
magnification ML which is lower than an imaging magni- 
fication MO originally used for desired observation or at 
an imaging magnification MH higher than the imaging 
magnification MO and thereafter returning imaging 
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magnification to the original imaging magnification MO 
for desired observation, an excellent observation image 
can be obtained. 

In addition to an electron beam, the other charged 
particle beams such as an ion beam can also be used s 
provided that this charged particle beam is effective to 
generate secondary electrons from a specimen. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects and technical advantages 
of the present invention will be readily apparent from the 
following description of the preferred exemplary embod- 
iments of the invention in conjunction with the accompa- 
nying drawings, in which: 



according to the invention; 

Fig. 19 is a schematic diagram showing a still fur- 
ther embodiment of the scanning electron micro- 
scope according to the invention; and 
Fig. 20 is a schematic diagram showing a still fur- 
ther embodiment of the scanning electron micro- 
scope according to the invention. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Fg. 1 is a sectional view showing the proximity of 
objective lens 2 and secondary electron detector 30 in 
an embodiment of an electron beam length-measuring 
apparatus according to the invention. 

An electron beam 6 is focused on a specimen 12 by- 
means of the objective lens 2. The objective lens 2 is of 
a lower pole piece open type in which a hole diameter of 
a lower pole piece 2b is larger than that of an upper pole 
piece 2a in order that leakage flux of the objective lens 
2 exhibits the maximum magnetic flux density on the 
surface of the specimen 12. By using this type of objec- 
tive lens, a short focus lens can be obtained as in the 
case of an in-lens system in which the specimen 12 is 
otherwise disposed in a lens gap, ensuring that spheri- 
cal aberration coefficient and chromatic aberration coef- 
ficient can be decreased remarkably and high resolution 
can be obtained. 

Used as this objective lens was an objective lens 
(type: S-6100) incorporated in an electron beam length- 
measuring apparatus manufactured by Hitachi, Ltd. 

Mounted on the upper pole piece 2a of the objective 
lens 2 through an insulating film 20 is a first electrode 7 
having a cylindrical form and which passes along the 
inner wall of the opening of the upper pole piece and 
has an end flange 7f opposing the specimen, thus form- 
ing an inner electron beam passage. 

An upper opening of the first electrode 7 is covered 
with a grid mesh 7a for drawing out secondary electrons 
13 toward the detector 30. The grid mesh 7a is formed 
at its center with an opening which does not disturb a 
deflection path of electron beam 6. The first electrode 7 
is connected to a DC power supply 10 through an inlet 
terminal 9. 

A second electrode 8 having a ring form is disposed 
above the first electrode 7 and as in the case of the first 
electrode 7, its lower opening is covered with a grid 
mesh 8a having a central opening. The second elec- 
trode 8 is connected to a DC power supply 1 1 through 
the inlet terminal 9. 

Disposed above the second electrode 8, that is, on 
the side of objective lens 2 facing an electron source is 
the secondary electron detector 30 comprised of an 
earth electrode 3. a scintillator 4 arid a light guide 5. The 
scintillator 4 is applied with a high voltage of +10kV to 
accelerate secondary electrons. 

The objective lens 2 and the first and second elec- 
trodes 7 and 8 interact with each other to cause second- 
ary electrons to be passed through the pole piece 
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Fig. 1 is a partial sectional view of an embodiment 
of an electron beam length-measuring apparatus 
according to the invention; 

Fig. 2 is a diagram illustrating diagrammatically 20 
motion of secondary electrons in the Fig. 1 appara- 
tus; 

Figs. 3 A and 3B are sectional views showing an 
example of structure of a specimen; 
Fig. 4 is a sectional view showing another example 25 
of structure of a specimen; 

Fig. 5 is a block diagram showing the construction 
of an embodiment of a scanning electron micro- 
scope according to the invention; 
Fig. 6 is a perspective view showing another 30 
embodiment of a bias electrode; 
Fig. 7 is a block diagram showing another embodi- 
ment of the scanning electron microscope accord- 
ing to the invention; 

Fig. 8 is a schematic diagram showing another 35 
embodiment of the scanning electron microscope 
according to the invention; 

Fig. 9 is a schematic diagram showing still another 
embodiment of the scanning electron microscope 
according to the invention; 40 
Fig. 10 is a fragmentary enlarged view of Fig. 9; 
Fig. 1 1 is a schematic diagram showing another 
embodiment of the scanning electron microscope 
according to the invention; 

Fig. 12 is a diagram for explaining the behavior of 45 
charge in a contact hole; 

Fig. 13 is a diagram showing an image obtained 
with the apparatus of the embodiments; 
Fig. 14 is a graph showing the relation between the 
output of a secondary electron detector and the so 
energy control voltage; 

Fig. 15 is a flow chart for explaining an operation of 
the apparatus of the embodiments; 
Fig. 1 6 is a flow chart for explaining another opera- 
tion of the apparatus of the embodiments; 55 
Fig. 17 is a flow chart for explaining still another 
operation of the apparatus of the embodiments; 
Fig. 18 is a schematic diagram showing a further 
embodiment of the scanning electron microscope 
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opening of the objective lens 2 and then drawn out 
toward the electron source (toward the detector 30), the 
behavior of the secondary electrons being illustrated 
schematically in Fig. 2 in which the same reference 
numerals as those in Fig. 1 designate identical or equiv- 
alent parts. 

Since the objective lens 2 in the present embodi- 
ment has the lower pole piece open type as described 
previously in order that a leakage magnetic field of the 
objective lens 2 exhibits the maximum flux density on a 
surface 12a of the specimen, a magnetic field B as 
shown at dotted curve in Fig. 2 is generated near the 
observation area and this magnetic field B brings forth 
the function of a lens having a center plane (lens plane) 
near the specimen surface 12a. 

With the_ above coretmction. an electron beam is 
irradiated on the specimen 12 to discharge secondary 
electrons from a specimen surface portion near an 
opening of a contact hole 50 and the secondary elec- 
trons are drawn upwards by an electric field generated 
by the first electrode 7. At that time, in the present 
embodiment, the secondary electrons are focused on 
central axis X by the lens action created by the objective 
lens 2 so as to be drawn upwards without being drawn 
toward the first electrode 7. The secondary electrons 
are further guided toward the the side of objective lens 
facing the electron source by the action of electric fields 
generated by the first and second electrodes 7 and 8. 

On the other hand, secondary electrons 13 dis- 
charged from a bottom surface 50a of the contact hole 
50 are drawn upwards by the electric field due to the first 
electrode 7 so as to escape from the contact hole 50. 
The secondary electrons 13 leaving the contact hole 
are focused on the central axis X by the lens action due 
to the objective lens 2 so as to be drawn upwards with- 
out being drawn toward positive charges on the speci- 
men surface. 

As a result, the secondary electrons 13 discharged 
from the specimen 12 are drawn up toward the side of 
objective lens 2 facing the electron source through the 
electron beam passage of first electrode 7 and the 
opening of grid mesh 7a and detected by the detector 
30. 

In accordance with the present embodiment, sec- 
ondary electrons discharged from the proximity of the 
opening of the contact hole 50 or secondary electrons 
generated from the bottom 50a of contact hole and 
escaping from the contact hole are focused on the cen- 
tral axis by the focusing magnetic field generated on the 
specimen surface by the objective lens, so that they are 
guided toward the side of objective lens facing the elec- 
tron source without being drawn toward the first elec- 
trode 7 or captured by positive charges on the specimen 
surface. Accordingly, the detector 30 can detect the sec- 
ondary electrons highly efficiently. 

Further, the efficient draw-up of secondary elec- 
trons prevents charge-up on the specimen surface to 
promote efficient draw-up of, especially, secondary 
electrons 13 discharged from the bottom 50a of contact 



hole 50 to permit high-resolution observation of the con- 
tact hole bottom. 

Fig. 3A is a sectional view of a specimen standing 
for an object to be measured by the electron beam 

5 length -measuring apparatus according to the present 
embodiment. Formed on the major surface of a silicon 
substrate 12-1 is a silicon dioxide film 12-2 on which a 
resist film 12-3 is laminated. When the coated resist film 
12-3 is exposed to light or to an electron beam and is 

10 developed, an exposure pattern is formed at the resist 
portion. Further, an etching treatment is applied to etch 
off an unnecessary portion of the silicon dioxide film 12- 
2, thus forming a hole 50 reaching the silicon substrate 
12-1. The resist film 12-3 of Fig. 3 A is then removed as 

75 shown in Fig. 3B. 

Fig. 4 is a _sectiqna[ view of another specimen 
standinglor an object to be measured by the electron 
beam length-measuring apparatus according to the 
present embodiment and the same reference numerals 

20 as those used hereinbefore designate identical or 
equivalent parts. 

As shown in the sectional view of Fig. 4, a silicon 
oxide film 12-2 is formed on a silicon substrate, an alu- 
minum thin film 12-4 is vapor deposited on the film 12-2 

25 to form a conductive film, and a resist material 1 2-3 is 
coated thereon and exposed to light, thus forming a 
contact hole reaching the silicon oxide film 1 2-2. 

when an electron beam 6 is irradiated on a speci- 
men having a laminar structure formed of a conductor 

.30 and an insulator as above, secondary electrons 13 are 
generated from the bottom of the contact hole. At that 
time, secondary electrons are also generated from the 
surface of specimen 12 and in the case where the 
number of discharged secondary electrons is larger 

35 than the number of incident electrons of the electron 
beam 6, the specimen surface is charged positively. 
According to results of experiments conducted by the 
present inventors, the specimen surface is charged pos- 
itively under condition that the accelerating voltage is 

40 set to 1kV or less and the electron beam amount is set 
to 10* 11 A or less. 

It has been proved experimentally that if the accel- 
erating voltage is set to more than 1kV to charge the 
surface of the resist film 12-3 negatively, secondary 

45 electrons from the bottom 50a are prevented from 
escaping by the negative potential on the surface and 
cannot be detected at all. 

According to the present embodiment, since the 
charging state on the surface of resist film 12-3 or sili- 

so con dioxide film 1 2-2 can be kept to be positive, second- 
ary electrons 13 generated from the contact hole 
bottom are allowed to escape from the contact hole 
highly efficiently. 

The positively charged specimen surface can be 

55 determined by observing a desired observation area at 
enlargement of, for example, about 50000 multiple and 
thereafter observing a wider area inclusive of the 
desired observation area by reducing imaging magnifi- 
cation to. for example, about 5000 multiple to confirm 
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that the area observed previously at 50000 multiple is 
darker as a whole than its neighborhood. 

This grounds on the fact that if the specimen sur- 
face is charged positively, most of secondary electrons 
discharged from the specimen surface are attracted by 
positive potential to reduce the detection amount of sec- 
ondary electrons. 

Whether or not the desired observation area is 
darker than its neighborhood may be determined either 
by the operator who consults a CRT (cathode ray tube) 
or on the basis of a detection signal from the secondary 
electron detector 30. When a decision is made based 
on the detection signal from the secondary electron 
detector 30. whether or not the specimen surface is 
charged positively may be announced to the operator by 
using surtable means such^s djspiay^ojispunds^ . 

After the fact that the desired observation area is 
charged positively has been confirmed, imaging magni- 
fication is again returned to 50000 multiple and obser- 
vation is carried out. If a negatively charged state is 
confirmed, the observation area may be charged to pos- 
itive by using suitable means and observation may fol- 
lows. 

Through experiments, it has been proved that when 
a voltage amounting to 50V or more is applied to the 
first electrode 7, effective results can be obtained, 
though depending on values of accelerating voltage for 
electron beam 6, and that no difference occurs for 300V 
to 350V 

By applying a voltage falling within the range 
between earth potential and +50V to the second elec- 
trode 8, secondary electrons from the bottom 50a of 
contact hole could be detected without degrading the 
secondary electron detection efficiency. 

In practical use. voltage applied to the second elec- 
trode 8 may be fixed to about 30V for various speci- 
mens. With the second electrode 8 applied with 
negative voltage, the secondary electron signal is 
reduced as a whole but only secondary electrons and 
reflection electrons of higher energy can be detected, 
thereby making it possible to detect signals of relatively 
high energy reflected from the hole bottom or a deep 
groove. Accordingly, signals from the bottom grow rela- 
tively and an image satisfactory for observation of the 
bottom can be obtained. 

An excellent image could be obtained by scanning 
the electron beam at a rate of 10 or more frames/sec- 
ond but during scanning at such a low rate as 1 
frame/second, the electron beam irradiation amount per 
unit area was increased to substantially increase the 
electron beam amount, so that the specimen surface 
was charged negatively to prevent observation of the 
hole bottom. 

Conceivably, this fact is due to a phenomenon that 
the charging state on the specimen surface is kept to be 
positive uniformly at an electron beam scanning area by 
high-rate scanning, and necessity of high-rate scanning 
for observation of the interior of the contact hole was 
confirmed experimentally. In practical apparatus, 30 



frames/second matching the scanning at television fre- 
quency is chosen to ensure scanning synchronous with 
the power supply frequency and to meet economical 
requirements. 

5 As detailed above, in accordance with the present 

embodiment a secondary electron signal generated 
from the bottom of contact hole or of a deep groove can 
be detected highly efficiently during semiconductor pro- 
duction process and an excellent image can be 

10 obtained which is sufficiently effective for quality exami- 
nation of semiconductor process working. 

Specifically, in accordance with the present embod- 
iment, the bottom of a fine, deep hole formed above the 
silicon substrate and having a hole bottom diameter of 

is 0.45 nm, an upper opening diameter of 0.9 um and a 
depth of 1.9 jim could_be_obseiyed._ 

Fig. 5 is a block diagram showing the overall con- 
struction of an embodiment of a scanning electron 
microscope according to the invention. An practical 

20 apparatus comprises evacuation means for vacuum 
evacuating the apparatus interior space used as an 
electron beam passage but only components neces- 
sary to describe the invention are illustrated in Fig. 5. 
An electron beam 121 emitted from an electron 

25 source 101 is focused by a condenser lens 102 and 
subjected to optical alignment by an alignment coil 103. 
A stigmator coil 1 04 corrects an astigmatic aberration of 
the electron beam 121 and a deflection coil 105 deflects 
and scans the electron beam 121. 

30 Mounted on an upper pole piece 109a of an objec- 
tive lens 109 is a bias electrode 107 having a cylindrical 
form and which passes along the inner wail of an open- 
ing of the upper pole piece and has an end flange 107f 
opposing a specimen, thus forming an inner electron 

35 beam passage. 

An upper opening of the bias electrode 107 is cov- 
ered with a grid mesh (not shown) for drawing out sec- 
ondary electrons 122 toward a detector 106. The grid 
mesh is formed at its center with an opening which does 

40 not disturb a deflection path of electron beam 121 . 

A control electrode 108 having a ring form is dis- 
posed above the bias electrode 1 07 and as in the case 
of the bias electrode 107. its lower opening is covered 
with a grid mesh (not shown) having a central opening. 

45 Electron beam 121 having passed through the con- 
trol electrode 108 and bias electrode 107 is focused by 
the objective lens 109 and irradiated on a specimen 1 20 
placed in a specimen chamber 110. Secondary elec- 
trons 122 generated from the specimen 120 is detected 

so by the detector 106: 

The electron source 101 is connected to an elec- 
tron source power supply 111. the condenser lens 102 
to a condenser lens power supply 112. the alignment 
coil 1 03 to an alignment coil power supply 1 1 3. the stig- 

55 mator coil 104 to a stigmator coil power supply 1 14, the 
deflection coil 105 to a deflection coil power supply 1 1 5, 
the bias electrode 107 to a bias electrode power supply 
117, the control electrode 108 to a control electrode 
power supply 118 and the objective lens 109 to an 
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objective lens power supply 119. Trie detector 106 is 
connected to a detector power supply 116 and the 
detector power supply 116 performs supply of power to 
the detector 106 and intermediation of a detection sig- 
nal from the detector 106. 

The above-described power supplies are controlled 
by signals from a central processing unit (CPU) 124 
through an interface (l/F) 123. Various kinds of data are 
inputted to the central processing unit 124 from a key- 
board 125. A detection signal from the detector 106 is 
sent to the central processing unit 1 24 through the inter- 
face 123 and displayed as an image on image display 
means 126. 

Connected to the central processing unit 124 are 
memories 130a and 130b in which the following data 
are stored in advance. 

(1) Data group A: control data being used when out- 
put voltages of the bias electrode power supply 1 17 
and control electrode power supply 1 18 are both 0 
(zero) V and consisting of 

(a) coil current supplied to the alignment coil 
103 

(b) coil current supplied to the stigmator coil 
104, and 

(c) coil current supplied to the deflection coil 
105 at a desired imaging magnification 

(2) Data group B: control data being used when out- 
put voltages of the bias electrode power supply 1 17 
and control electrode power supply 1 18 are prede- 
termined voltages V1 and V2 and consisting of 

(a) coil current supplied to the alignment coil 
103 

(b) coil current supplied to the stigmator coil 
104 

(c) coil current supplied to the deflection coil 
105 at a desired imaging magnification 

(d) DC current to be superposed on deflection 
coil current so as to correct an image shift 

(e) an increment of lens current supplied to the 
objective lens 109, and 

(f) a change of background level necessary for 
correcting image data. 

Since control data pieces registered in data group A 
and delivered to the individual power supplies are differ- 
ent for different values of imaging magnification, the 
control data pieces delivered to the individual power 
supplies are registered in a data table format using 
magnifications as parameters. 

Since control data pieces registered in data group B 
and delivered to the individual power supplies are differ- 
ent for different values of imaging magnification and 
voltages VI and V2, the control data pieces delivered to 
the individual power supplies are registered in a data 
table format using magnifications and voltages V1 and 



V2 as parameters. 

With the above construction, when observation of 
an ordinary pattern is conducted, output voltages of the 
bias electrode power supply 117 and control electrode 
5 power supply 118 are set to 0 (zero) V. The central 
processing unit 124 selects the data group A to control 
the individual power supplies in accordance with data 
pieces in the data group A. 

When observation of the inside of a contact hole is 
10 conducted, output voltages of the bias electrode power 
supply 1 17 and control electrode power supply 1 18 are 
set to voltage V1 (for example, +300V) and V2 (for 
example, +30V), respectively. The central processing 
unit 124 selects the data group B to control the individ- 
is ual power supplies in accordance with data pieces in 
the data group B. _ 

According to the present embodiment, control data 
of individual components necessary for obtaining the 
best scanning image is automatically selected in 
20 accordance with whether or not a positive electric field 
is generated on the specimen surface and therefore 
operational capability can be improved drastically. 

while in the foregoing embodiment the bias elec- 
trode 107 and control electrode 108 are both described 
25 as being applied with voltages to generate a positive 
electric field on the specimen surface, the present 
invention is not limited thereto and voltage maybe 
applied to only the bias electrode 107 with the control 
electrode 108 always grounded (0V). 
30 In this case, the effective range over which the elec- 
tric field generated by bias electrode 107 affects the 
electron beam 1 21 is substantially cancelled by the con- 
trol electrode 108 and hence there is no need of regis- 
tering in the data group B control data concerning coil 
35 current necessary for the alignment coil 103 (aforemen- 
tioned (a)) and additional DC current superposed on 
deflection coil current for correction of an image shift 
(aforementioned (d)). 

Fig. 6 is a diagram showing another example of 
40 construction of the bias electrode 1 07 and in the figure, 
the same reference numerals as those in the foregoing 
designate identical or equivalent parts. 

This embodiment features that a bias electrode 107 
is divided into four divisional electrodes (x1 . X2, Y1 and 
45 Y2) in the direction of optical axis of an electron beam 
so that positive electric fields generated by the divi- 
sional electrodes X1, X2, Y1 and Y2 may be different 
from each other. 

Electrodes 107 and 108 are formed, at their central 
so portions, with holes 1 71 and 1 72 for passage of an elec- 
tron beam 121, respectively, and the passage holes 171 
and 172 are surrounded by meshes 107b and 108b to 
permit secondary electrons to pass therethrough. 

In the present embodiment, the bias electrode 107 
55 is described as being divided into four segments but the 
invention is not limited thereto only and the electrode 
may be divided into two or six segments. 

According to the present embodiment, voltages 
applied to the plurality of divisional electrodes can be 
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controlled Independently and therefore, by adjusting the 
relative relation between voltages applied to the respec- 
tive divisional electrodes and absolute values of the 
vbltages. alignment (aforementioned (a)) and image 
shift correction (aforementioned (b)) which are other- 
wise set in the data group B can be omitted. 

Fig. 7 is a block diagram showing the construction 
of another embodiment of the scanning electron micro- 
scope according to the invention and in the figure, the 
same reference numerals as those in the foregoing des- 
ignate identical or equivalent parts. 

The present embodiment features addition of a 
deflection correction coil 127 and a deflection correction 
coil power supply 128 to the construction explained in 
connection with Fig. 5. 

The deflection correction coil power supply 128 is 
connected to an interface 1 23 and its _ output current is" 
controlled by a central processing unit 124. The central 
processing unit 124 is precedently registered with con- 
trol data concerning the amount and direction of deflec- 
tion of an electron beam necessary for correcting an 
image shift and a misalignment which take piace when 
positive voltages are applied to the bias electrode 107 
and control electrode 108. 

With this construction, when no positive voltage is 
applied to the bias electrode 107 and control electrode 
108, output current of the deflection correction coil 
power supply 128 is also set to zero. 

When positive voltages are applied to the bias elec- 
trode 107 and control electrode 108, the deflection cor- 
rection coil power supply 128 is controlled such that 
currents for correction of the image shift and misalign- 
ment are fed on the basis of the control data. 

According to the present embodiment, correction of 
alignment and image shift which is otherwise effected 
using data pieces set in the data group (aforementioned 
(a) and (b)) can be performed using the dedicated cor- 
rection coil 127 and therefore the amount of control data 
can be reduced. 

As described above, according to the present 
embodiment, control data of individual components 
necessary for obtaining a scanning image is selected 
automatically in accordance with whether or not a posi- 
tive electric field is generated on the specimen surface 
and therefore operational capability can be improved 
drastically. 

Fig. 8 is a schematic diagram showing still another 
embodiment of the scanning electron microscope 
(SEM) according to the invention. Illustrated therein is a 
SEM of TTL (through the lens) type in which secondary 
. electrons 204 generated from a specimen 203 and hav- 
ing passed through an objective lens pole piece hole 
213 are detected by a secondary electron detector 201 
disposed above an objective lens 200. 

In the figure, an electron beam 207 emitted from a 
field emission type electron gun 206 comprised of a 
field emission cathode 206a and an electrostatic lens 
206b is focused to a very fine electron probe 210 on the 
surface of the specimen 203 carried on a specimen 



stage 209 by means of a condenser lens 208 and the 
objective lens 200. The electron probe 210 is scanned 
on the specimen surface by deflecting the electron 
beam 207 by means of a deflection coil 21 1 energized 

5 by a scan power supply 212. 

Secondary electrons 204 generated from the spec- 
imen surface by scanning the electron probe 210 are 
captured by an objective lens magnetic field so as to 
pass through the pole piece hole 213 and then guided to 

io the secondary electron detector 201 . A detection signal 
from the secondary electron detector 201 is amplified by 
an amplifier circuit 214 and sent as a video signal to a 
cathode ray tube (hereinafter abbreviated as CRT) 215. 
Imaging magnification of an image to be observed 

?s is adjusted by changing the scanning width of the elec- 
tron probe 210 on the specimen surface^by^rneansjof a 
magnification" changing"^circuit _ 216^ to adjust the ratio 
between this scanning width and the screen width on 
the CRT. Magnification control means 205 controls the 

20 magnification changing circuit 2 1 6 and scan power sup- 
ply 212 such that the electron beam is irradiated on the 
specimen surface for a predetermined time at a lower 
imaging magnification (ML) or a higher imaging magni- 
fication (MH) than an imaging magnification (MO) for 

25 desired observation and thereafter imaging magnifica- 
tion is returned to the imaging magnification (MO) for 
desired ordinary observation. 

In place of the control by the magnification control 
means 205, imaging magnification and irradiation time 

30 (timer) may be set manually by the operator for a speci- 
men which is liable to charge up or may be set by select- 
ing a menu precedently incorporated in a software 
program. 

Fig. 15 is a flow chart for explaining an observation 

35 method by the SEM constructed as above. 

In step S10, a desired observation imaging magni- 
fication MO is set. In step S11. irradiation time t1 at a 
low imaging magnification ML is set. in step S12, the 
magnification changing circuit 216 changes the scan- 

40 ning width of electron probe 210 on the specimen sur- 
face so as to switch the imaging magnification from 
observation imaging magnification MO to low imaging 
magnification ML. 

In step S13. the electron beam is irradiated for the 

45 aforementioned irradiation time t1 at the imaging magni- 
fication ML and thereafter in step S14, the imaging mag- 
nification is switched by the magnification control means 
215 from low imaging magnification ML to observation 
imaging magnification MO. In step S15. the electron 

so beam is irradiated on the specimen. 

In step 16. the operator confirms an observation 
image by referring to the CRT. If observation or length 
measurement is allowable, the program proceeds to 
step S17 where observation or length measurement is 

55 carried out but if observation or length measurement is 
difficult to perform, the program returns to step S1 1 and 
the previous processings are repeated. 

Fig. 16 is a flow chart showing another observation 
method and in steps assigned with the same reference 
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numerals as those in the foregoing, equivalent process- 
ings are executed which will not be described herein. 

In step Sl1a, irradiation time t2 at a high imaging 
magnification MH is set. In step 12a. the magnification 
changing circuit 216 changes the scanning width of 
electron probe 210 on the specimen surface to switch 
the imaging magnification from observation magnifica- 
tion MO to high magnification MH. 

In step 13a. the electron beam is irradiated for the 
aforementioned irradiation time t2 at the imaging magni- 
fication MH and thereafter in step 14a, the imaging 
magnification is switched from high magnification MH to 
observation magnification MO. 

Fig. 1 7 is a flow chart showing still another observa- 
tion method and in steps assigned with the same refer- 
ence numerals, as those in the for egoing, equivalent 
processings are executed which will not be described 
herein. 

In the present embodiment, the electron beam is 
initially irradiated for time t3 at a high magnification MH, 
then the imaging magnification is switched to a low 
magnification ML at which the electron beam is irradi- 
ated for time t4 and thereafter the imaging magnification 
is returned to an observation magnification MO at which 
observation or length measurement is carried out. 

In each observation mode described as above, 
observation of a scanning image may be either allowa- 
ble or unallowable during the irradiation periods for low 
magnification ML and high magnification MH. Practi- 
cally, the low magnification is preferably set to 
ML=MO/50 to MO/100 and the high magnification MH 
is preferably set to MH m 3MO. 

Fig. 9 is a schematic diagram of a further embodi- 
ment of the SEM according to the invention and in the 
figure, the same reference numerals as those in the 
foregoing designate identical or equivalent parts, 

The present embodiment features that in order that 
an electric field is applied to the specimen surface to 
draw out secondary electrons 204 generated from a 
deep groove such as a contact hole and guide them to 
a secondary electron detector 201 efficiently, an electric 
field control electrode 218, an energy control electrode 
221 and electric field control means 217 for controlling 
these control electrodes are provided. A objective lens 
202 generates a magnetic field to focus the secondary 
electrons from the deep hole. 

Fig. 10 is a sectional view useful to explain the elec- 
tric field control electrode 218 and energy control elec- 
trode 221 in detail. 

The electric field control electrode 218 is mounted 
concentrically with a pole piece hole 21 3 of an objective 
lens 202 to oppose a specimen 203. Mounted above the 
electric field control electrode 218 is a planar mesh 219 
having an electron beam passage hole. 

The mesh 219 is not always needed but it functions 
to average kinetic energy of secondary electrons drawn 
up in an oblique direction making an angle to the center 
axis. The mesh 219 may have a semi-spherical form. 

The electric field control electrode 218 is applied 



with electric field control voltage (VB1) 220 from the out- 
side of vacuum. The control voltage VB1 is set to a 
value which is lower than an accelerating voltage of a 
primary electron beam 207 and is of positive potential 

5 relative to the specimen 203. Practically, the value may 
preferably amount up to 100 to 350V. 

Disposed above the electric field control electrode 
218 is the second control electrode (energy control 
electrode) 221 . This electrode plays the role of selecting 

10 electrons having passed through the electric field con- 
trol electrode 218 (secondary electrons and reflection 
electrons) in accordance with their kinetic energy and 
guiding selected ones to the secondary electron detec- 
tor 201 with high efficiency. 

is The energy control electrode 221 also has an elec- 
tron beam passa ge ho le having the optical axis (center 
axis) in common with the objective lens and a planar (or 
semi-spherical) mesh 222. The energy control elec- 
trode 221 is applied with energy control voltage (VB2) 

20 223 from the outside of vacuum. The value of control 
voltage VB2 is variable within a range of -20 to +40 V in 
order to permit discrimination of energy between the 
secondary electron and the reflection electron. The two 
control electrodes 218 and 221 are electrically insulated 

25 from earth 225 by an insulator 224. 

In accordance with the present embodiment, sec- 
ondary electrons generated from the specimen 203 are 
positively drawn up by an electric field due to the control 
voltage VB1 , caused to pass through the electric field 

30 control electrode 21 8 while tracing a helical locus under 
the influence of an objective lens magnetic field, and 
then subjected to energy discrimination by the energy 
control electrode 221 so as to be guided to the second- 
ary electron detector 201 with high efficiency. 

35 Fig. 1 1 shows an embodiment wherein the afore- 
mentioned control electrodes 218 and 221 are arranged 
in a so-called in-lens system scanning electron micro- 
scope in which a specimen 203 is placed in a pole piece 
gap of an objective lens 202. In the present embodi- 

40 ment. similar effects to those described previously can 
also be attained. 

When a probe current Ip of 4pA is applied at an 
accelerating voltage of 700V to a photoresist surface of 
a semiconductor device specimen by using the eon- 

45 struction explained in connection with Fig. 10, results of 
measurement are obtained to provide the relation 
between the control voltage VB2 and the secondary 
electron detector output with the control voltage VB1 
used as parameter, as exemplified in Fig. 14. 

so It will be appreciated that as the control voltage VB1 
increases at an imaging magnification of 1,000 multiple, 
the peak of the secondary electron detector output 
shifts toward the positive side of control voltage VB2, 
indicating that potential on the specimen surface can be 

55 controlled and charge can be balanced more easily 
under the application of control voltage VB1 than with- 
out the application thereof. 

Results of experiments conducted by the present 
inventors have demonstrated that when a deep hole of 
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an aspect ratio of 3 or more which is formed in the con- 
tact hole surface of a semiconductor device comprised 
of Si0 2 and photoresist and formed on a Si substrate is 
observed with the SEM described in connection with 
Fig. 9 under condition that imaging magnification MO is s 
50,000 multiple, imaging magnification ML is 1.000 mul- 
tiple, imaging magnification MH is 150,000 multiple and 
probe current Ip is 3pA, the shape and size of the hole 
bottom can be observed clearly. 

This specimen has a sectional shape, for example, 
as shown in Fig. 12. With the conventional technique, a 
trench portion (b) of the photoresist is charged nega- 
tively and secondary electrons generated from Si0 2 
and Si underlying the photoresist are shielded by a 
strong negative field at the trench portion and are pre- 
vented from_leaving_ahqle upwaj^s,_wit_hthe resujtjhat 
observation of contours (d) and (c) of Si0 2 and Si can- 
not be allowed. In other words, measurement of the hole 
bottom size and recognition of residues at the hole bot- 
tom become impossible. 

In contrast, when, as in the present embodiment, 
the observation methods described with reference to 
the flow charts of Figs. 1 5 to 1 7 are employed and con- 
trol voltages VBl and VB2 are applied, charge balance 
occurs as shown at a trench portion (a) to ensure that 
secondary electrons generated from Si0 2 and Si can be 
detected highly efficiently and an observation image of 
high contrast can be obtained. 

Without the employment of the observation method 
according to the present embodiment, an irradiation 
current (electron beam irradiation amount IQ) per unit 
area increases at the imaging magnification (MO) for 
ordinary desired observation to disturb the charge bal- 
ance, so that acquisition of secondary electrons from 
the hole bottom cannot be allowed and contrast is lost. 

If the observation imaging magnification (MO) is 
lowered to obtain high contrast, the hole diameter 
observable on the CRT is reduced. For example, a hole 
diameter of 0.5 urn is observed as being about 12.5 mm 
at the most at an imaging magnification of 25,000 multi- 
ple, making it difficult to observe the hole bottom pre- 
cisely. 

With the present invention applied, however, con- 
trast at boundary portions (d) and (c) of Si0 2 and Si can 
be obtained for a predetermined time as shown in Fig. 
13. Experiments conducted by the present inventors 
have proved that by the employment of this observation 
method, the imaging magnification (MO) usable for ordi- 
nary desired observation can be increased twice or 
more. 

Fig. 18 is a schematic diagram showing a further 
embodiment of the SEM according to the invention and 
in the figure, the same reference numerals as those in 
the foregoing designate identical or equivalent parts. 

The present embodiment features the provision of a 
probe current detection circuit 226 for detecting probe 
current, an optimum magnification indication circuit 227 
responsive to a value of detected probe current to indi- 
cate a magnification range in which charge-up is inapt 



to occur and a probe current control circuit 228 for con- 
trolling the probe current value such that charge-up 
hardly occurs at a designated imaging magnification. 

The present embodiment takes advantage of the 
fact that charge-up on the specimen surface depends 
on the electron beam irradiation amount IQ and the 
probe current detection circuit 226 can be designed as, 
for example, a Faraday cup provided at a part of a spec- 
imen stage 209 to permit measurement of a current 
value of the order of 1 jiA to 0.5 pA from the outside of 
vacuum. 

The optimum magnification indication circuit 227 
gives on an operation panel (not shown ) or a CRT 215 
an analog or digital indication representative of a range 
of enlargement magnification optimum tor a detected 
probe current Alternatively, it may ^ so designed as to 
respond to a menu programmed in advance to indicate 
probe currents and magnifications which are optimum 
for various kinds of specimens. 

The probe current control circuit 228 is used when 
the probe current is changed to comply with an imaging 
magnification MO for practical desired observation and 
upon actuation of an operation button (not shown), it 
performs control such that a high voltage power supply 
control circuit 229 for an electron gun 206 is operated to 
change the amount of electron beam 207 so as to 
obtain a necessary probe current. 

According to the present embodiment, a probe cur- 
rent unapt to cause charge-up can be acquired steadily 
to permit a clear observation image to be produced and 
besides it can be utilized to decide the conditions of 
specimen damage and electron optics. 

Fig. 19 is a schematic diagram showing a still fur- 
ther embodiment of the SEM according to the invention 
and in the figure the same reference numerals as those 
in the foregoing designate identical or equivalent parts. 

The present embodiment features the provision of a 
different magnification image simultaneous display con- 
trol circuit 230 for displaying images at different imaging 
magnifications on the same CRT 215 simultaneously. 
Instead of displaying images on the same CRT. images 
at different imaging magnifications may be displayed 
simultaneously on a plurality of CRTs. 

The principle of the performance of the different 
magnification image simultaneous display control circuit 
230 is described in, for example, Japanese Patent Pub- 
lication No. 46-24459, Japanese Patent Publication No. 
52-20819 or Japanese Patent Publication No. 51- 
36150. 

As is clear from the basic concept of the present 
invention described previously, according to the present 
embodiment, the specimen surface is charged posi- 
tively by scanning for low imaging magnification obser- 
vation but negatively by scanning for high imaging 
magnification observation and therefore observation 
can always be effected under the charge-balanced con- 
dition. 

Fig. 20 is a schematic diagram showing a still fur- 
ther embodiment of the SEM according to the invention 
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and in the figure the same reference numerals as those 
in the foregoing designate identical or equivalent parts. 

The present embodiment features the provision of 
control electrodes 218 and 221 described in connection 
with Figs. 9 and 10 in a so-called out-lens system SEM 5 
having a secondary electron detector 201 disposed 
under an objective lens 302. 

The electric field control electrode 218 and energy 
control electrode 221 are mounted to a specimen stage 
209 through an insulator 224. The present embodiment io 
has an advantage that intensity of an electric field 
applied to the specimen surface does not change even 
when the working distance and the inclination angle of 
specimen stage are changed. 

The present invention is in no way limited to the is 
embodiments <rf FigaS to_20 set forth so far and it can 
attain similar effects even when applied to a scanning 
electron microscope in which the electron detector is 
constructed of an annular type detector or a channel 
plate detector which is arranged directly above the 20 
specimen or objective lens concentrically with the opti- 
cal axis. 

As described above, according to the embodiments 
of Figs. 8 to 20, the following meritorious effects can be 
attained. & 

(1) By irradiating an electron beam on the specimen 
surface for a predetermined time at a lower or 
higher imaging magnification than a desired obser- 
vation imaging magnification and thereafter return- 30 
ing imaging magnification to the desired 
observation imaging magnification and irradiating 

an electron beam, charge balance can be set up 
temporarily and this period can be utilized for image 
observation to produce an observation image of 35 
high resolution at a high imaging magnification. 

(2) By applying an electric field to the specimen sur- 
face, secondary electrons generated from the spec- 
imen surface under the electron beam irradiation 
can be guided efficiently to the secondary electron 40 
detector to produce a scanning image of high S/N 
ratio. 

(3) Since the relative relation between a probe cur- 
rent unapt to cause charge-up on the specimen sur- 
face and the imaging magnification is determined in 45 
order that a probe current complying with a desired 
observation imaging magnification or an observa- 
tion imaging magnification complying with a desired 
probe current can be obtained easily, optimum 
observation conditions complying with the sped- so 
men, imaging magnification and probe current can 

be obtained easily. 

(4) By performing scanning for low imaging magni- 
fication and scanning for high imaging magnifica- 
tion simultaneously, observation can always be 55 
effected under the charge-balanced condition. 

In addition to the foregoing description, the follow- 
ing will be disclosed. 



(1) A scanning electron microscope for scanning an 
electron beam spot at an observation area on a 
specimen and fetching a signal generated second- 
arily from the observation area to produce an 
observation image, comprising: 

first imaging magnification setting means for 
setting a desired observation imaging magnifi- 
cation (MO); 

second imaging magnification setting means 
for setting at least one of an imaging magnifica- 
tion (ML) lower than the observation imaging 
magnification (MO) and an imaging magnifica- 
tion (MH) higher than the observation imaging 
magnification; and 

means for performing image observation jn any 
one of first to third observation modes of which 
the first observation mode is such that an elec- 
tron beam is irradiated for a predetermined 
time at the low imaging magnification (ML) and 
thereafter image observation is effected at the 
observation imaging magnification (MO), the 
second mode is such that an electron beam is 
irradiated for a predetermined time at the high 
imaging magnification (MH) and thereafter 
observation is effected at the observation 
imaging magnification (MO) and the third mode 
is such that an electron beam is irradiated for a 
predetermined time at one of the low imaging 
magnification (ML) and high imaging magnifi- 
cation (MH), then an electron beam is further 
irradiated for a predetermined time at the other 
imaging magnification and thereafter observa- 
tion is effected at the observation imaging mag- 
nification (MO). 

(2) A scanning electron microscope as recited in 
item 1 wherein an electrode is provided which has 
positive potential relative to the specimen and 
applies an electric field to the specimen surface. 

(3) A scanning electron microscope as recited in 
item 1 or 2 comprising: 

means for detecting an electron beam amount 
irradiated on the specimen; and 
means for indicating a proper value range of 
observation imaging magnification in accord- 
ance with the detected electron beam amount 

(4) A scanning electron microscope as recited in 
item 1 or 2 further comprising: 

means for detecting an electron beam amount 
irradiated on the specimen; and control means 
for controlling the electron beam amount in 
accordance with an observation imaging mag- 
nification. 

(5) A scanning electron microscope as recited in 
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item 1 or 2 further comprising means for changing 
the scanning area of an electron beam alternately 
and displaying a low imaging magnification image 
and a high imaging magnification image simultane- 
ously. 5 

(6) An observation method in a scanning electron 
microscope for scanning an electron beam spot at 
an observation area on a specimen and fetching a 
signal generated secondarily from the observation 
area to produce an observation image, comprising io 
irradiating a weak electron beam for a predeter- 
mined time on an area including at least a predeter- 
mined observation area and thereafter irradiating a 
strong electron beam on the predetermined obser- 
vation area to perform image observation. is 

(7) _An observation method in_a .scanning electron 
microscope for scanning an electron beam spot at 
an observation area on a specimen and fetching a 
signal generated secondarily from the observation 
area to produce an observation image, comprising 20 
irradiating a strong electron beam for a predeter- 
mined time on at least a part of a predetermined 
observation area and thereafter irradiating a weak 
electron beam on the predetermined observation 
area to perform image observation. 25 

(8) An observation method in a scanning electron 
microscope for scanning an electron beam spot at 
an observation area on a specimen and fetching a 
signal generated secondarily from the observation 
area to produce an observation image, comprising 30 
irradiating an electron beam for a predetermined 
time on an area including a predetermined obser- 
vation area at an imaging magnification (ML) lower 
than a desired observation imaging magnification 
(MO) and thereafter observing the desired observa- 35 
tion area at the desired observation imaging magni- 
fication (MO). 

(9) An observation method in a scanning electron 
microscope for scanning an electron beam spot at 

an observation area on a specimen and fetching a 40 
signal generated secondarily from the observation 
area to produce an observation image, comprising 
irradiating an electron beam for a predetermined 
time on a part of a predetermined observation area 
at an imaging magnification (MH) higher than a 45 
desired observation imaging magnification (MO) 
and thereafter observing the desired observation 
area at the desired observation imaging magnifica- 
tion. 

(10) An observation method in a scanning electron so 
microscope for scanning an electron beam spot at 

an observation area on a specimen and fetching a 
signal generated secondarily from the observation 
area to produce an observation image, comprising 
irradiating an electron beam for a predetermined ss 
time on an area including a predetermined obser- 
vation area at an imaging magnification (ML) lower 
than a desired observation imaging magnification 
(MO), then irradiating an electron beam for a prede- 



termined time on a part of the predetermined 
observation area at an imaging magnification (MH) 
higher than the desired observation imaging magni- 
fication and thereafter observing the desired obser- 
vation area at the desired observation imaging 
magnification (MO). 

(1 1) An observation method in a scanning electron 
microscope for scanning an electron beam spot at 
an observation area on a specimen and fetching a 
signal generated secondarily from the observation 
area to produce an observation image, comprising 
irradiating an electron beam for a predetermined 
time on a part of a predetermined observation area 
at an imaging magnification (MH) higher than a 
desired observation imaging magnification (MO), 
then, irradiating an electron beam for a pre deter- 
mined time on an area including the predetermined 
observation area at an imaging magnification (ML) 
lower than the desired observation imaging magni- 
fication (MO) and thereafter observing the desired 
observation area at the desired observation imag- 
ing magnification (MO). 

Japanese Patent Applications Hei 3-335981, Hei 3- 
335986 and Hei 3-335986 are hereby incorporated by 
reference. 

The present invention has been described in detail 
but it should be understood that various changes, sub- 
stitutions and alternations can be made hereto without 
departing from the spirit and scope of the present inven- 
tion as defined by the appended claims. 

Claims 

1. A scanning electron microscope for scanning an 
electron beam spot (121) at an observation area on 
a specimen (203) and fetching a signal generated 
secondarily from said observation area to produce 
an observation image, comprising: 

first imaging magnification setting means (124) 
for setting a desired observation imaging mag- 
nification (MO); 

second imaging magnification setting means 
(124) for setting at least one of an imaging 
magnification (ML) lower than the observation 
imaging magnification (MO) higher than the 
observation imaging magnification; and 
means (124) for performing image observation 
in any one of first to third observation modes of 
which the first mode is such that an electron 
beam is irradiated for a predetermined period 
of time at the low imaging magnification (ML) 
and thereafter image observation is effected at 
the observation imaging magnification (MO), 
the second mode is such that an electron beam 
is irradiated tor a predetermined period of time 
at the high imaging magnification (MH) and 
thereafter observation is effected at the obser- 
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vation imaging magnification (MO) and the 
third mode is such that ah electron beam is irra- 
diated for a predetermined period of time at 
one of the low imaging magnification (ML) and 
high imaging magnification (MH), then an elec- 5 
tron is further irradiated for a predetermined 
period of time at the one of the imaging magni- 
fication and thereafter observation is effected 
at the observation imaging magnification (MO). 

10 

An observation method in a scanning electron 
microscope for scanning an electron beam spot 
(121) at an observation area on a specimen (120) 
and fetching a signal generated secondarily from 
said observation area to produce an observation 15 
image,_comprising irradiating ajirst _eJectron_be_am 
at a first imaging magnification for a predetermined 
period of time on an area including at least a prede- 
termined observation area and thereafter irradiat- 
ing a second electron beam at second imaging 20 
magnification larger than the first imaging magnifi- 
cation on said predetermined observation area to 
perform image observation. 
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FIG. 3A 
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FIG. 8 
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FIG. 12 
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FIG. 14 
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